In medical education, screen-based simulators are used to facilitate content learning, improve understanding and develop cognitive skills 1 . Because of their relatively low cost, multiple screen-based simulation programs have been written to cover a physical examinations and data interpretation. They also have been developed to teach protocols that require the use of clinical skills, such as airway management, basic and advance life support skills and cardiopulmonary resuscitation 1 . However, these programs have mainly been used for self-study, with faculty involvement limited to providing feedback, In our institution we recently introduced screenbased simulators to our undergraduate lectures in crisis management. This is a fairly novel approach that has not been reported in the literature to date. The learning of crisis management involves assimilation of knowledge and application of clinical skills, including resuscitation. We hypothesised that the use of screen-based simulators facilitates better learning inherent to simulation. To test this we undertook group lectures with and without screen-based simulation.
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MATERIALS AND METHODS
With local institutional review board approval, 64 third and fourth year medical students were recruited to participate in this study. Students were informed of the objectives of the study and were assured that their performance during the study would not impact their grades. Written informed consent was obtained from each student.
Our medical students spend three weeks in anaesthesia in small groups of 14 to 18 students. 
SUMMARY
In our institution, we introduced a screen-based simulator to our undergraduate lectures on medical crisis management. We hypothesised that this novel use of the screen-based simulator would be as effective as our conventional lectures. To test this we randomly divided medical students into two groups. Students in Group A were taught medical crisis management (heart failure and anaphylaxis) using a screen-based simulation program projected onto a shared screen, with a facilitator guiding the students through the scenarios. Simultaneously, students in Group B were lectured the same content without the screen-based simulation. Both groups were allotted exactly one hour. Several days later, students were tested on their management of anaphylaxis using the Human Patient Simulator. A blinded marker assessed them on diagnosis, resuscitation, specific treatment, call for help and for reassessment of the patient. Students also answered a questionnaire on their experience. Sixty-four students participated in the study. Both groups had similar overall scores. However, students in Group A scored better in the specific treatment category by a factor of 1.7. Students in both groups rated their learning experiences highly. This study showed that screen-based simulation was as effective as conventional lectures and might be even more effective in some areas.
was to familiarise the students to the simulator, as well as to demonstrate basic physiological principles. No teaching of acute medical crisis was done during this period. This study was conducted early in the second week of their posting. Students were randomly assigned by drawing lots to be taught either with the screen-based simulator (Group A) or with a lecturer (Group B). The number of students in either group at any one time ranged from seven to nine.
Students in Group A were taught using the Critical Care Simulator 1995 (Anesoft Corp, USA). The program was projected onto a large screen to allow the screen was divided into sections containing a photograph of the patient that changes with changing clinical conditions, continuous streaming data of the patient's physiological parameters including three waveforms, investigative and interventional choices and a text box providing medical history, learning objectives, suggestions and critique. The students were taken through both scenarios with the help of a facilitator (GT) who controlled the mouse and entered the students' inputs. The facilitator was students through the various options available on the program. However, the facilitator could not offer clinical guidance nor provide information beyond what was in the program.
The scenarios taught were those of anaphylaxis and heart failure. These scenarios required rapid diagnosis and timely therapy (resuscitation and of the simulated patient. There were no limits on the number of times the scenarios could be replayed or the different types of interventions suggested by the group, so long as the option was present in the program. Effort was made to explore as many of the options available in the scenarios as possible. Each session was strictly kept to one hour.
Simultaneously in another room, students in Group B were lectured on the same topic. A lecturer with a history of excellent student feedback scores was chosen to deliver the lectures and the same lecturer was used throughout the study (KT). The lecture was tailored to match the screen-based simulation program so as to ensure that both groups received the same amount of information. Lectures were conducted without incorporation of any video or audio clips. The lecturer encouraged questions from the students and answered as closely as possible to what was available in the help section of the screenbased simulation program. Similar to Group A, each lecture was kept to one hour.
Students were asked not to share their experience or the content of their teachings with the other study participants. At the end of the week, students were brought back to the HPS room for their test. Although the students had used the HPS the week prior, we minimised the possibility of unfamiliarity by introducing the HPS to them again. A brief history of the test case was then given and students' queries were answered. Students were asked to vocalise their observations, actions and diagnosis during the scenario. Each student was tested individually using a 20-minute scenario of acute anaphylaxis with the help of an instructor blinded to the study group. The anaphylaxis scenario used was adapted from the library of the HPS. The instructor could only prompt the student if diagnosis and management were not achieved by eight minutes into the scenario. Prompting was performed as it was felt that death of the simulated patient would be detrimental to the learning experience, and intervention at eight minutes was chosen as it allowed enough time for the student to perform the correct tasks yet short enough to prevent the spiral towards irreversible shock.
The test was videotaped and scored off-line by a blinded marker using a 100-point weighted scale (Table 1 ). This scale awarded marks based on the reassessment of the situation after initiating therapy. Students also completed a short questionnaire about their experience.
Study data were analysed using SPSS 15.0 (Chicago IL, USA). Total scores and section scores for compared using Student's t test, with post-hoc analysis using Bonferroni correction for multiple comparison. The presence or absence of calling for help and reassessment were compared using chi-square test. Questions from the survey were analysed using the P <0.05.
RESULTS
A total of 64 students took part in the study; 33 were in Group A and 31 in Group B. There were a total of 16 third year students and 48 fourth year students, equally distributed by year of study to the groups. The hour-long teaching sessions provided enough time for the tutors in both groups to complete the stems for both teaching scenarios.
Overall scores for the two groups were similar.
factor of 1.7. There were no differences in marks in the other sections ( Table 2 ). In the questionnaire section, students in both groups were generally positive about their sessions (Table 3 ). Students in both groups rated their respective learning experiences highly. In particular, the vast majority of students in Group A (90%) thought that screen-based simulation was a good way of learning the topics and wanted to learn more topics using it. The majority of students thought that the HPS was an appropriate assessment tool.
DISCUSSION
This study found that using a screen-based simulator was an effective alternative to conventional methods for the conduct of small group lectures to medical students. Overall, we found that it was as effective as conventional lectures in teaching content. students who were lectured with the screen-based simulator fared better than students who were lectured conventionally. This suggests that the learning advantage conferred by the experiential and interactive learning experience inherent in simulation was maintained when it was used as a lecturing tool.
We found that students in the screen-based and co-workers 2 . In their study, they compared the effectiveness of self-study with screen-based simulators to self-study with handouts. As their study cohort consisted of anaesthesia residents, they appropriately used a scoring system that was heavily weighted to the management of the crisis scenario.
They found that self-study with screen-based simulators improved learning by a factor of 1.59 as compared to handouts.
In contrast, the overall scores were no different between groups. This might be explained in part by the scoring system we employed. Because our study population consisted of medical students, we deemed it important for them to learn the foundation steps such as basic resuscitation, calling for help and the need for reassessment. Therefore, these basic steps accounted for slightly more marks in our scoring chart than advanced measures such as providing diagnosis likely that the students may have had prior knowledge of these basic steps, as these steps form the foundation of any resuscitative effort. As such, the marks obtained of the teaching techniques.
comparing screen-based simulators to lectures, albeit when used as a self-study tool. Davis and co-workers found equivalent improvement in knowledge between groups learning with screen-based simulators and lectures 3 . Williams and co-workers found equivalence in knowledge acquisition but greater skills acquisition with screen-based simulators 4 simulation should be used more widely for subjects that require clinical skill application in addition to knowledge content acquisition, such as in medical crisis management. We believe that students learnt better with screen-based simulation because they could see what happened instead of being told what should happen when a particular therapy was chosen.
century, which emphasised that learning, and not teaching, was of paramount importance 5 .
Despite their low cost and previous studies comparing screen-based simulators favourably to simulation, they have yet to garner a strong following in the teaching of medical students. This may be because these simulators, while regarded as helpful in the understanding of the conceptual theory underlying clinical practice, are believed to be unable to confer actual practical skills 6 . However, as shown in this study and in the study by Schwid and co-workers 2 , there could be some transferability of skills from screen-based simulators to full-scale simulation scenarios.
Although screen-based simulators were developed for individual self-study and not for group teaching, we decided to use it as a lecture tool. There were several reasons for this. First, it was a much cheaper alternative to every student purchasing the program. Second, it was logistically easier as we did not need to use a computer laboratory to conduct the classes. Third, as anaesthesia is a non-core subject, we were concerned that students would not even open the program if they were asked to do self-study. By having it as a lecture, this ensured that the students would experience the learning advantages of screen-based simulations. In our survey, we found that over 90% of the students liked the simulation program and were happy to have other subjects taught using it.
A potential source of bias was that we used only a single lecturer throughout the study. While this ensured that the lectures were uniform, it is possible that students may have learnt better with a different lecture style. However, we think that this is unlikely, as our lecturer is a senior physician with a long and excellent record of teaching and vast experience in teaching medical crises. Another source of bias was that both the lecturer and the screen-based simulation facilitator were not blinded to the objective of the study. However, the facilitator only played a passive role in the teaching whereas the content and length of the lecture was rigidly controlled. Therefore, we feel on the outcome.
Another limitation of this study was that the projection of the screen-based simulation program onto a shared screen provoked enthusiastic discussion among the students as they argued for and against various diagnostic and therapeutic options. In contrast, students were less vocal during the lectures despite encouragement to raise questions and discuss options. This is understandable as the novelty of using a simulation program probably resulted in greater student attentiveness. Because active learning is known to be more effective than passive learning 7, 8 , it remains uncertain if learning with screen-based simulation programs would still be as effective after its novelty effect is over.
The lack of an established assessment tool has also been cited as a limitation of pedagogical studies such as this 2 . Although the HPS has yet to be fully validated as an assessment tool, we chose to use it as others have shown that full-scale simulators were valid, discriminatory and realistic 9, 10 . Furthermore, the HPS has been successfully used by others in studies on pedagogical methods as well 2 . However, it should be pointed out that we did not show that the HPS is a valid and discriminatory assessment tool in this study, nor did we perform a baseline measurement of the students' performance on the HPS.
In conclusion, this study demonstrated that in teaching knowledge, screen-based simulators were at least as good as lectures. When clinical skill application was required, screen-based simulators were superior to conventional lectures. Potentially, lectures utilising screen-based simulation programs could replace conventional lectures in selected topics, particularly those that require clinical skill application.
